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Abstract

BACKGROUND: Osteoarthritis is a progressive joint condition identified by ongoing deterioration of the cartilage matrix, and there is currently no effective
drug treatment plan. Metformin-modified exosomes isolated from bone marrow-derived mesenchymal stem cells can become a new method for treating
osteoarthritis due to their avoidance of oral drug adverse reactions and immunogenicity.
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OBIJECTIVE: To study the controlling impact of exosomes from metformin-altered bone marrow-derived mesenchymal stem cells on chondrocytes.

METHODS: Rabbit bone marrow-derived mesenchymal stem cells and chondrocytes were cultured in vitro. Bone marrow-derived mesenchymal stem cells
derived exosomes and metformin pretreated bone marrow-derived mesenchymal stem cells derived exosomes were collected using a high-speed centrifuge.
Chondrocytes were cultured with exosome-containing culture medium for 24 hours and then treated with 100 umol/L H,0, for 24 hours. The capability changes
of two extracellular vesicles on chondrocyte proliferation and migration were detected using CCK8 assay and scratch healing experiment, respectively. Western
blot analysis and RT-gPCR were employed to examine the alterations in the expression of type Il collagen, P16 protein, and their mRNA in chondrocytes.
Western blot analysis was utilized to assess the changes in the expression of MKK7/JNK pathway proteins. ELISA kits were utilized to measure the activity of cell
superoxide dismutase and the levels of malondialdehyde in chondrocytes.

RESULTS AND CONCLUSION: (1) In an oxidative stress environment, the proliferation and migration abilities of chondrocytes were weakened. The two types of
exosomes could restore the proliferation and migration abilities of chondrocytes to a certain extent. Metformin pretreated bone marrow-derived mesenchymal
stem cells derived exosomes had a significantly better improvement effect (P < 0.05). (2) Compared with normal bone marrow mesenchymal stem cell-derived
exosomes, metformin pretreated bone marrow-derived mesenchymal stem cells derived exosomes could more effectively increase type Il collagen expression
and superoxide dismutase activity (P < 0.05), and were also more effective in reducing P16 expression and malondialdehyde levels (P < 0.05). (3) The two types

of exosomes could inhibit the expression of MKK7 and p-JNK proteins to a certain extent, and the inhibitory effect of metformin pretreated bone marrow-
derived mesenchymal stem cells derived exosomes was more significant (P < 0.05). The results show that in an oxidative stress environment, metformin
pretreated bone marrow-derived mesenchymal stem cells derived exosomes resist chondrocyte aging and promote chondrocyte proliferation by inhibiting the

MKK7/JNK pathway.
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R R ORI Ak 3 15 8 1) 7 J5 - 400 P S Y0 7 3l A 4 5l
55 E MR TR, AR5 KA H,0, T TUHCE 41 M E S
AU IERSE | AR 2 Fb /b vt 4001 4 B ) 18 5 1 A

1 #EF153%E Materials and methods

1.1 3t KPR AR SRS .

1.2 AR ReE SZEGT 2023 4F 4 F & 2024 45 7 HAER
PN BRI R 22— P i 2 o 25 2 4 2 TR A S 0 5 52 o
1.3 M4t

131 ey g RKH A% 24 K, MRS, 17-
20 d ¥%, RJfIE 200-250 g, TR (] 70 T T 4 A A AR
HAHMEEE, AN R LR, VRRTIE S
SCXK( 34 )2019-0003 . S46 ™5 1857 | (S50 28 #2151 )
FRIACHUE, FFCiEd MM ER R ESREE RS
A ETHIE (fiHES . 241108),

1.3.2 SEEREAIAACES  ERER — WOBUIK (Sigma, £ );
MY B EE . N BT (R R, T E )
BCAEHIRA & (BB K, HHE); BEEREGIIHIF ( RKE
T, hE); TRRE. P16, 2% 5% 10 E A M 7

(mitogen-activated protein kinase kinase 7, MKK7). c-Jun

T3 K ¥ 14 B (c-Jun N-terminal kinase, INK). T#ig{t c-Jun
FAFE R I 4 (ohosphorylated C-Jun N-terminal kinase, p-JNK)
ik (Affinity, 25 ); a-MEM 353255, DMEM/F12 55350
JaF MG . 0.25% B (Il (Gibco, SE[H ) PBS( Z3KE,
Wi ); CCK-8 7 & ( F84E/K, [ ); Trizol(Biosharp,
); Hifair II 1st Strand cDNA Synthesis Kit {71 &5 (YEASEN,
11119ES60); SYBR Green Master Mix(YE SEN, 11201ES50);
HRP Goat Anti-Rabbit 1gG( ZE4E/K, TE ); Amershamimager
600 [ 2% AN (GE L[ ); CO, B5FRAl (/K ) EiE
B0 (HITACHI, 3] B ¢t BT (Leica)y HIPKAX (FE4E/R )
RT-qPCR 5| ¥t i3 38 4E /R A R Bt & i

1.4 %7k

1.4.1 P REIR TR T-A0 L S AN R R IR 4 E U B
HLEEHR 17-20 d i A% 8 R, AT N RREE, BEERIH
TR fE, WSALSE, 88T R 55, =R
NG AR 3 8 75% L5 1) TG T 3580 AR o kAT I [a]
K. HREEG T/ESGT, FIIZIEITGH PBS(1x)
HORIE, (FAN5I BRI AL, VIR E k. KH T
K i, . B BENE O B ie, AT 5 mL VRS
W BTG L 37 1) o-MEM 1% 37 58565 5B A1 IR i v o s b
172 O ivide, I I 4 07 0 e 3 DA S ik =l 40 g 2H 2 Rk
4y, #RJE 1200 r/min &0 3min, F EiE, SR
0 10% FE4-IIIE 1 a-MEM 55 75 3 6 4 fg o e 2T 5,
B R R, N 37 C. SRR % 5%C0, iiF
BTN TR G20 H Rk G Rk B I AR 1Y) 80%—
90%, M 0.25% FREFTHA, DL 1 o 2 LL@lgnpu e . HEH
ARG R SR 1 AR BE IR 70 T4, LA 3x10°7/ 4L
BT 12 fLAR, AT L) 60% I, KRG IR B Ry
LI =R/ 0A0H W, X d i g k3o, X4
40 f I 60%-70% B}, BEAT ¥ AL YL O FIRHFI 3 i
ety AL 2 ) 7 AIE e
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4 FH TG I3 o-MEM 5 77 B0 547 — HOBUIT (50 pmol/L)
(1) 76 L5 a-MEM 35 7% JE 8% & 5 4 X7 B8 (7] 78 )51 1 48 il
48 h™, 4k iR, 10 000xg 3% 290> 30 min, B L3
0.22 um [ JE % i JE J5, 10 000xg 3 i 55 .0 120 min;
NGBS EERZ 1 mL, K4EAN IR, REH
7% 10 000xg &5 > 120 min, B4 B3T3, 100 L PBS H &
PUVE, —80 CiRAF, BRI 8 7] 78 5 1 48 P s 1% 41 W4 4
(NC-Exos) A — H UMK 79 Ak 24 B 58 [¥) 78 J53 T 40 A 5 1k o s
{4 (MET-Exos) . i F 175 55 Fi 552 UL 46 93 it S MR AR TR T &SRR ALE
Western blot f& il CD9., CD63. TSG101 [ ik ( —PiFik
Fefgl ¥ 9 1 ¢ 2000, —#i HRP Goat Anti-Rabbit 1gG F7i B
Ebfl 1 1 3000).
142 BCEANMRE IR KR AME R g ST P BE AL L 17-
20d W FLAR 2 K, RGN BRI, BREE IO B S R N
&, MREALAE, e AR G b oy 8 2L A 0L s 58 e
Ky Bl R AR Eu e A, HFERJIES R
B DB RS 1 ) /B, DL 0.25% JRMER A H iR R IH AL
30 min, I SERFR ) DMEM/F12 555 5L 2 B AL
SR G F 0.5% 11 7L i JEfifF b 2 6 h, 200 H & W€, bL1
200 r/min &5.0> 3 min, PBS {¥E 3 i, FRIREE, f£37 C
EAAP R AR A RORAS B 55 LR K T 80%
IR AR 7R3 2 AR 41 i 100 umol/L H,0, i
r2ah, PRAMAEEEAG BRI e A R R B,
1.4.3  CCK-8 Aarifll —HORUO B A MG T s U sem) - 55
2 AR HRE 4l LA £ 5%10°/ L3 Bl T 96 FLAR, Xif HE 41
DMEM/F12 R 7R R 1577, SO0 4 & A A RIR B — FOBUI )
DMEM/F12 3532 5L 82 5%, W E /37128 0, 50, 500 umol/L, 473
WITEREFE 1, 3, 5d B, BFLINIAE 10% CCK-8 (1) DMEM/F12
LRIk, BEOGHEE 2 h, (BRI %L 450 nm R4k
(IR M FEARL, CAT-fily - FFOOUITC XSS 8 4 P 4 5 ) 52
144 BB INMARIRET) 5 2 AR 4L 4x
10°/ FLEEFIE 6 FLBT, K2 70%-80% Bl & ivf, A 1 mL
Dil #7%1c [ NC-Exos Fil MET-Exos( J5i & ¥ & 15y 100 pug/mL),
FETC LG DMEM/F12 £5 35 Sarb b 8535 4 h, SREIG B 2
1T 40 g/L 2 5 W] 5 15 min, {5 FH S 2231 ik (Phalloidin)
A1 DAPI ey, fEILIRAE B T MRy .
1.45 HEAMMESH

(1) W4 584 DMEM/F12 5537 565597

(2) BRI . 4 100 umol/L H,0, (] DMEM/F12 533
BEREFRECE M 24 h, FEREFRIL, FH DMEM/F12 58435
FRIL LR AR

(3INC-Exos ZH: H 7 A NC-Exos(100 pg/ml) f¥) DMEM/F12
BE IRk B IR O 4H M 24 h, T A & 100 pmol/L H,0, 1]
DMEM/F12 5 FR JE 55 FR B 2 L 24 h, B9 56, H
DMEM/F12 58 485 R B4k 4 1 9%
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(4)MET-Exos #1: Hl & # MET-Exos(100 pg/mL) ]
DMEM/F12 R 3R FERE R 0 40 24 h, F 4 100 umol/L
H,0, ) DMEM/F12 $5 37 B IE FR B 41 24 h, FREE 970,
Fi DMEM/F12 5E AR5 7R FE 4k 88 75
1.4.6 SAYCEHMMAIEEETE TR 2 S HK
4L 0.25% JERREETH AL 5, THECCE 4001, LA 3 000 4>/ AL
WREEFNT 96 fLMR, F5FE 24 h, FIGFREL, BMALMAE
£ 10% CCK-8 [f) DMEM/F12 15773k 100 uL, #EOLIEH 2 h,
A58 FH AR AR 0 251 450 nm e KA IO AR, BLERAY
B S A 4T 1 184 B
147 HHWHFMMAITHES KT HEME 2 /%
I 0.25% IEEGTHAL IS, THECRCE 4, DL 4x
10°/ FL% e Fh T 6 LA, Frai i LK )s, FHIEHE
200 pL MR A TREAL A e B ) “—7 FRIR, 4ksk
Fidf 24 h, BIEAHZESMBEWEMIREGEE, 5145
w3 M AL,

1.4.8 qRT-PCR A&l 11 B4 J5i. P16 JE[RIFKIL 5 2 AR &4l
AL, 4x10° FLH FE R T 6 FLAR P, gk &
90% Rl A I, ARAE A A o> HIEAT T I, Tk 5 H Trizol
R, S5 - I EEE S I B S RNA,  Fi
Hifair I 1st Strand cDNA Synthesis Kit 377 & 10 B 5% RNA
H % ¥ 55 cDNA, 4R J5 1E LightCyclerd80Il | {4 Ff] SYBR
Green Master Mix 3t 17 qRT-PCR [ M. P £ & GAPDH,
FH 25T VR 5 mRNA (AR R AR . 5158 L& 1.

1 | RT-gPCR 3|4FF%1
Table 1 | RT-PCR primer sequences

A S5 (5°-3')

12 Ji 3% TGA GCC AAA TCC AGT TGA AGA C
“N¥#: TTC GCC TAA ATC TCC ATC TAC C

P16 _EJi#: CTC CTC AGA GAC ACG TGA GCG

T
i
T

TGA CCT TACGCT CGCTCCT
TGA AGG TCG GAG TGA ACG GAT
CGT TCT CAG CCT TGA CCG TG

GAPDH

1.4.9 Western blot il T B4 Ji . P16 FiI MKK7/INK i %
MREAMERIE 52 ARHCE A0 DL 4x10°/ L% B B fl
T 6 fLbd, gk 2 90% ml ik, AR P 41 A 4 41
ITTB, TR G IMNE S M RAR A . PMSF I IR
B AR ( Eofl 100 01 1 1), RAREEEEH, BCAVL
EEEAKE. FFFLEAFY 20 ug, &HRHBEIKE, 1§
FIHMW A, RABHEHMEO®EZ R PVOF I L, oA
IR . P16, MKK7. INK. p-JNK. GAPDH —#i ( —#i
MiREELBIE 9 1 1 2.000), 4 CHEH IR, SN HRP Goat
Anti-Rabbit 1IgG —#T (#BELLFI AN 1 © 3000), EEFEHE
60 min, I J57E4 H 3 B A h kAT ECL 8 1 2kl i fE,
A8 Image J 1A 58 B 2T AKFEAEL

1.4.10 HEABALEE. W BACENE 5 2 AA8CE g
H L 4x10°/ FL% Rl T 6 FLAC R, Frdil i K 2 90% fil
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GF, MR G A S AT T, P TS RS R
F BN PE TSI B S0 B A IS, ARSI B, KR A
ARG T8 RN S U I P AT A, A AR
A0 5E 3SR A A AL . T KT .

15 2R OF LAEHN R THRESS S
SELEH, (@) NC-Exos fll MET-Exos Y858 455 GWE 4 ik
Y NC-Exos il MET-Exos [15E /75 @ — FEXUNIOG 558 20 g 384
FEHIEE; (B NC-Exos Il MET-Exos 4804 W BLERSE R e
YHPIEVEAISEN ;. © NC-Exos I MET-Exos 4810 I a2
THCE T T B R . P16 kM5 I; (D) NC-Exos I
MET-Exos X 410 B SCERIE T B 48 i MKK7/INK i 2% AH
KR ARIEMIFLM; ©) NC-Exos Fll MET-Exos X 44k B A
B R R UM R A A . T KT R
1.6 %t 44t it SPSS 25.0 B AF AT AR £ T 24y
FrAll t K36, 4RJ5 ) GraphPad Prism 9.5 {E[&. P <0.05 A
EREREER L. XESIF T3 CLE TN ER
KEM B —ER G5 T d .

2 Z58 Results

2.1 FRE AR T amie AR RN R R R
FER T EAT B R s eEE A =, E
1A. 3% 5 BB W0 %< MET-Exos 5 NC-Exos —Ff, 22K [H
7%, ULIE 1B, Western blot &4 45 E4 CD9. CD63.
TSG101 KA A, W& 1C,

2.2 T RIKESP bRt SR R E M A FvR CCK-8 &5
SR, 50, 500 pmol/L = FEXUIAEF 3 d B i 48 i
7142 i (P < 0.05), 50 pmol/L — FXUNTHR i B 2 1
WS, ULE 2A. 5 NC-Exos #f tt., MET-Exos i 3%
ek 3B AR ) 5 5 (P < 0.05), UL 2B.

2.3 B miLN AR RE S R RS T,
Dil ARic (AN UAMA T LU Phalloidin Aric i #KE 40 B A 7
F AT MR A, 4 AT FE DAPI ARic (1) (1%
i, WE 3.

2.4 SRR AR IEAS L ) 69 ST IRALAHLE,
R QIR 85 % R /) (P < 0.05); 5 BIAYALHI NC-
Exos ZHAH L, MET-Exos ZH RIIJR 1 & % i 25 16 K (P < 0.05),
B MET-Exos H {2t B 4 il #, UL 4.

2.5 ghubARsTEE R T AR R . P16 A= MKK7/INK i@ 35
HFFE G REGHh  Western blot 25 LN Hxf R4
FHLG, BRI A i Ji 2 1 R0 & B 2 R AIK (P < 0.05),
P16, MKK7 Al p-JNK &5 H R IL & B #Th & (P<0.05); 5
ARV AR EL, AMNBARIA ST 41 P16, MKK7 Fl p-INK & [ %
LERFEFM(P<0.05), MEKFEEAREERES
(P <0.05); 5 NC-Exos 41HLl, MET-Exos 41 IT BJi J5i 2
Tk B E T & (P <0.05), P16, MKK7 I p-INK & 1%

kB R EEC (P <0.05), JLIES5. RT-qPCR 4 REW, 5
NC-Exos ZHAH tt, MET-Exos 41 IT 24 fi JR mRNA ik /KF &
E1R, P16 mRNA ik /K- ZE (K (P<0.05), NLE 6,
%% B MET-Exos 5 1] fg 31 3= MKK7/INK 38 2% % 3% % B 05
L (e ARG S AR

2.6 IPILARIT IR R tm AR BAC M AL B Fe R — B KT 89 %
) SXNTREZEAH L, AR ZH R A A A B Bl 1 L PRI
(P <0.05), 4% F NC-Exos fil MET-Exos J&, 8% ALY
el iE A RV (P < 0.05), (HAIK XS 41 (P < 0.05),
{H NC-Exos #H fil MET-Exos 21 2 [H] % A B & £ 5H. 5XTH
AL, BRZHN EEKFRZEF S (P<0.05); SR
ZH FH Eb, NC-Exos ZH. MET-Exos ZH P4 — % /K °F & 2 B A%
(P<0.05); 5 NC-Exos ZHAHEL, MET-Exos 2.7 /KT &
# %% (P<0.05), W.3&2.

2 | SN B RS I EETE N . A RK RN

(xts, n=6)
Table 2 | Effects of exosomes on superoxide dismutase activity and
malondialdehyde level in chondrocytes

H EEA) B ARG (U/g) P % (nmol/mg)
payiei:l 1935.83+11.82 5.21+0.43

AL 1533.24+104.80° 16.7242.11°
NC-Exos 4 1834.67+43.25" 12.41+2.87"
MET-Exos 41 1852.77+13.08"° 7.18+0.08™

HRE: HXEAMLL, *P<0.05; HREMAIMLEL, "P<0.05; 5 NC-Exos 4LHLL, P<
0.05, MET-Exos: - H XU I Ak H - 4 1) 72 B T4 L A U A1 b 44 s NC-Exos: I
B W) 70 5 A SRR S s o
3 {74 Discussion

B IR R R WL 2 I DA T I PR HE S, B
PR BRI INSE 2 MR R 1 58 T RIR AR K R VA
o, T ELH AT YR @A ROk P ARk, BBl
T 400 P B {1 3 4 L 0 % 52 O T, (R
PE IR i ATE A . — SRR 2o, B B 1A 78 5+ 240 7
(i i3k 4 2 AR A S AR AR KRR B b o ey L 40 U (1 A1 Ak 5
B 2 R F0 5 4 A oA 1 M BT AR T B KT 4R
3 LA R B i S e . R I A B T4 R A
TR 22 51 G HE LA RS0 S KUK B, T S AT A
A Rk G DA B AN RS S AT, I B AHE R ) 7e 5T
A0 R FIRE T RE, vAIT R B B B

R, @& AR R AR Z, e an B AL B
A )T A, T DL N 0 A I A B VR T e
A . RAECE M SIS RY, Chim-1 AL EE 41 i ok I
A0 AR RIS A ) LR AR R S R A A A K
KB B ST JOEAR: BRSSP IR, R T
T2 e SR B4, JE T Wntl/B-catenin {5 5 6 A]
A RO S BN OB, BSOE SRR

RIS — M R B IR EERE 258, IR RAE
AT RARIT PRI — s iy M R T Ak
P B 1) 7 o 2 L 20t R A AR, AR S 1 IR 25 5
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A JE AL X HE A AL NC-Exos 41 MET-Exos 41
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NC-Exos MET-Exos NC-Exos MET-Exos
; CDY  mmmm— 25 kD
R
CD63 - Wwwwe ‘e=wy  4S5kD 75 - 0 KR4
[ NC-Exos 41
TSG101 e w44 kD ] MET-Exos 21
GAPDH S— ———— 36 kD g <0 J ab abc i~£: Eﬁﬁﬁéﬁ*ﬁkty aP<0.05: 5
- N . . 4 a BRI AL, °P <0.05; 5 NC-Exos
ks [ A SIS 5 Ll s: WAL, W0, FIRLH & ULHIEL, P e 0.05, METExos: — i
WEGLBPBHME (A7 200 um); B 3% it MBS WL AR AMA IR EB B S5 44 (F5 TR = 254 SO TG i A 3 4 8 1) 7 5 40 e Y
200 nm); C A Western blot A&l #h A R 1 & (AR E4 . MET-Exos: A A NC-Exos: IE ¥ & 6 17) 76
FF UL 77 4cb B2 15 5 () 70 57 1 40 B SR IR AM i 44 NC-Exos:  1E i & 6] 78 0 J T SRR A A
JOT T EH SRV A A s o
N . < . 4 E Y 1
1 | BRI R SRS o | BB b different groups (x100)
Figure 1 | Identification of rabbit bone marrow mesenchymal stem cells lgure ondrocyte migration ability among different groups
and exosomes derived from them N N
A P P o w«%*“’f’ B
P W O il
] NC-Exos 41

—= 0 umol/L —H XK [ o EEE
—+ 50 pmol/L —H XK [ ARALEH
—e— 500 pmol/L — FF X 1 NC-Exos 41
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